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The Random Trend in Stock Price Change Stays Mainly
in the Cointegration Plane
Pin Chung and'Donald J. Liu
In an economic environment where international
i j r ? -
considerations are. prominent,^ knowledge of the structure of the
international equity market, is important. Individual investors
' I ' - 1 I , ' . V.
are interested in.knowing the relationship among different
national^stock prices, because it facilitates international
diversification. Economists also pay attention to the
relationship because it. affects capital flows, and,investment and
consumption decisions., . .
.One idiosyncrasy of national stock, p^rices is that over long
horizons they tend to move together and follow a., cormon upward
trend.- .For .example-, the existence of price comovements was found
in Hilliard's.spectral analysis .of internatiopal equity market
indices. Eun and Shim also found a significant interdependent
relationship among^ several, .national stock, pric.es, using a vector
autoregression (VAR;), model. More recently, Kasa estimated ^n
error-correction'iVAR model and computed aj^common stochastic trend
in the equity ^markets of the U.S.,, Japan, England,. Ge^any, and
Canada. i - .
This study complements Kasa^s work by investigating the,
common stochastic trend among national stock prices of the U.S.
and five East Asian countries, including Japan, ..Taiwan, Hong
Kong, Singapore, and South Korea. Study of the above five Asian
stock markets is interesting because, given.the right conditions
-- moves toward opening, ' deregulation, and having shown high
economic growth -- the stock markets in those countries have
become the focus of international investment during the past
decade. The U.S. market is included in the analysis so as to
examine the inter-continental stock price relationship between
North America and the Pacific-Rim of East Asia.
As noted by Engle and Granger, the specifications for VAR
models depend on nonstationarity and cointegration properties of
the vector time series involved in the analysis. If the
nonstationary time series are cointegrated and converge toward
long-run equilibrium relationships, a VAR model in levels is
inefficient and may lead to spurious regression results, while
that in first difference is misspecified. Based on the Johansen
maximum likelihood procedure, an error-correction VAR model is ,
estimated and long-run common stochastic trends computed.
Further, maximum likelihood ratio tests are conducted to compare
individual country's cointegration coefficients and adjustment
speeds toward the long-run equilibrium relationship.
This paper is organized as follows. Section 2 contains a
brief discussion on Johansen's maximum likelihood procedure used
in the study, while section 3 describes the data and some
preliminary analyses. Section 4 presents results on model
estimation and selection. Section 5 reports the long-run common
trend, while section 6 contains results of cointegration ,
coefficient tests. Section 7 reports results of short-run
adjustment speed tests, while section 8 simulates short-run
dynamics of the stock prices. The conclusion is in section 9.
3Johansen'g Procedure
Consider a conventional VAR model in levels
(1) Xt = Xt_i + ... + lie Xt-k + Et/
where and are of dimension pxl, - N{0,A), and Tl^'s are
pxp and \l pxl regression coefficients. Following Johansen, (1)
can be reparametrized as:
(2) AX^ = |X + AX(._j^ + ... + r)c_i + n X^_]^ + E^/
where = -(I - - ... - H^^)/ i = 1/ ...# k-1/
n = -(I-ni-...- I\), and
A is the difference operator.
The short-term dynamics of the model are captured by
matrices through while matrix n provides information
about the long-run relationships among the series. If the series
are nonstationary but cointegrated, the rank of H, denoted by r,
is less than the dimension of O (i.e., 0 < r < p) , and equals the
number of cointegration vectors in the system. In this case,
there exist r stationary cointegrating relationships among the
series and p-r common unit roots dictating the long-run
stochastic trend of the variables. The error-correction model
(2) can be alternatively written as
(3) Ax,. = |i + ^^t-i + •.• + r'jc-i ^^c-k+i ^t-k
where U is now expressed as ap' with a and p being pxr matrices.
The matrix p contains the r cointegration vectors and P'X^-k
-represents r error correction terms capturing the deviations from
the r stationary relationships. Each row of matrix a represents
the adjustment speed of an individual series toward the r
4cointegrating relationships. Linear hypotheses regarding the
adjustment speeds of different series can be formed by testing:
(4) a = A H',
where A is pxm, V is mxr, and m is p minus the number of
restrictions. For example, to test a single restriction that the
adjustment speeds of the first two stock variables are the same
in a system of six stock prices, the null hypothesis is
Hq: = a2,i/ (V i = 1, 2, . . ., r) .
In the matrix notation of (4) , the hypothesis can be written as
a =
1 0 0 0 0
1 0 0 0 0
0 10 0 0
0 0 10 0
0 0 0 1 0
0 0 0 0 1
similarly, linear hypotheses regarding the cointegration
coefficients can be formed by testing the restriction
(5) P = H O,
where H is pxm and ^ is mxr. For example, to test a single
restriction that the cointegration coefficients of the first
stock variable are all zero in a system of six stock prices (and,
hence, this first variable does not belong to a "common" stock
region of the remaining five variables) , the null hypothesis is
Hq: Pi,i = 0, {V i = 1, 2, ..., r).
In the matrix notation of (5), the hypothesis can be written as
P =
0 0 0 0 0
1 0 0 0 0
0 10 0 0
0 0 10 0
0 0 0 1 0
0 0 0 0 1
5Maximum likelihood procedures for the estimation of the
error-correction VAR model in {3), determination of the number of
cointegration vectors r, and testing of the restriction in (4)
and (5) are discussed in Johansen, and Johansen and Juselius.
For an excellent informal presentation on the procedure, see Kasa.
Data and Preliminary Analysis:
Weekly data on national stock price indices are obtained for
the United States and the five Asian countries, as extracted from
The Far Eastern Economic Review. The period of the analysis
extends from January 7, 1985 through May 18, 1992, with a total
of 2310 observations.. In case of missing data {arising from
holidays and special events), the weekly price is assumed to be
, I *
the average of the recorded previous price and the next price.
The six countries and their representative indices used in the
analysis are shown in Table 1.
Figures 1 through 6 contain plots of the observed stock
price indices. [The figures also present the computed common
trends to be discussed in a later section.] All series are
measured in natural logs. The figures suggest that the stock •
indices may be nonstationary. Table 2 contains Dickey-Fuller
tests of the null hypothesis that a unit root exists in each
series. Tests are conducted against two alternatives: one
consistent with fluctuations around a constant mean test),
the other with stationary fluctuations around a deterministic
linear trend (T^ test) . Both tests entertain four lag
differences and twenty-four lag differences of the variable in
question to purge possible serial correlations in the error term.
Table 1. The Representative Stock Price Indices
Country Index
USA Dow Jones Industrial
Japan Nikkei Stock Average
Taiwan Weighted Index
Hong Kong Heng Seng Index
Singapore^ Fraser's Industrial Index
(1985:1:7 - 1987:12:28)
All Shares Index
(1987:12:29 - 1991:9:2)
Straits Times Index
(1991:9:3 - 1992:5:18)
South Korea Seoul Composite Index
^ The index used in Singapore has been changed twice during the observation period;
however, these data have been transformed to Eraser's Industrial Index.
Table 2. Dickey-Fuller Unit Root Test
Four-lag Model Twenty-four-lag Model
USA
Japan
Taiwan
Hong Kong
Singapore
South Korea
t -
•1.51
•1.90
•1.15
•1.96
•1.40
•1.94
-2.23
-0.75
-1,21
-2.83
-2.52
0.23
- Numbers for are t-statistics on pp the regression
Axt = a + PoXt.i + PjAXt.j.
b/
Critical value at 5% is -2.88 for test for 250 observations.
Numbers for x^ are t-statistics on Pq in the regression
Axt =Oq +ait +PoXt.i +Xj
Critical value at 5% is -3.43 for x^ test for 250observations.
X^
-1.81
-1.84
-1.41
-1.60
-1.49
•2.17
-2.40
-0.94
-1.54
-2.09
-2.85
0.17
3.50
Conputed Cofrmon Trend
•g
7,75 -
- 7.5D -
Observed Index
7.25 -
Tlire fYearl
Figure 1 The Observed Stock Index and Computed Common Trend
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8*
"S
11.D
10.5 -
10.0 -
9,5 -
9.0 -
3.5 -
7.5 -
7.0
Observed Index
Cofrputed Cofiwon Trend -
' 11 I III I .11 II III II I I 11 iim HI
06 87 Ba 89 90 91
•' Tlffi CYear)
Figure 2 The Observed Index and Computed Common Trend
Japan
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Figure 3 The Observed Index and Computed Common Trend;
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Figure 4 The Observed Index and Computed Common Trend
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Figure 5 The Observed Index and Computed Common Trend:
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Figure 6 The Observed • Index and Computed Common Trend
South Korea
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In all cases the null hypothesis of a unit root cannot be
rejected at the 5% significance level, suggesting the existence
of a unit root in each country's stock price.^
Model Estimation and Selection
The estimation of the error-correction VAR model in (3) is
undertaken with twelve lags, twenty-four lags, and thirty-six
lags {k = 12, 24, 36). For each lag length specification, the
model is estimated using the Johansen maximum likelihood
procedure and the number of cointegration vectors r determined
through Johansen's and trace tests. The final selection of
the model among alternative lag specifications is based on
normality and serial correlation tests on the estimated
residuals, as well as on the out-of-sample forecast performance
evaluations. Initially, the estimation involves only data from
January 7, 1985 through May 27, 1991, with the remaining 51 (one-
year) observations reserved for forecast evaluation purposes.
Once the final model is selected, it is subject to further
evaluation with a nonparametric rank test.
The result of the cointegration test is in Table 3. Both
the trace test and test indicate that there are one, two,
and four cointegration vectors for the twelve-lag, twenty-four-
lag, and thirty-six-lag models, respectively. Apparently, the
number of cointegrating relationships is sensitive to the choice
of lag length. Results of the diagnostic tests on the estimated
residuals are in Table 4. Based on Ljung-Box Q-statistics, all
^ Other lag specifications (0, 8, 12, 16, and 20 lags)
are also entertained. Conclusions on the unit root test are, in
general, the same, regardless of the number of lags chosen.
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the estimated equations are free from serial correlation
problems, regardless of the lag.length specification. However,
Jarque-Bera statistics indicate that none of the estimated
equations pass the normality test. In particular, the residuals
from the twelve-lag and twenty^four-lag models for the U.S. and
Hong Kong variables are highly nonnormal. In general, the longer
the lag length, the more consistent is the residual with the
normality assumption. Though the problem of nonnormal residuals
has also been encountered in other stock price analyses (e.g.,
Kasa), this result is rather disturbing because Johansen's
maximum likelihood procedure is based on a normality assumption.
With the last year sample not included in the estimation,
one-step-ahead through fifty-one-step-ahead forecasts are
obtained for each of the three lag specifications and compared
with the observed data. The average absolute percentage forecast
errors over the 51 weeks are reported in Table 5. The
performances of the twelve-lag and twenty-four-lag models are
impressive, with the latter having a slightly smaller overall
error: averaged over the six countries, the forecast error is
1.57% for the twelve-lag model and 1.42% for the twenty-four-lag
model. On the other hand, the performance of the thirty-six-lag
model is relatively unimpressive with the error ranging from
3.12% for Korea to 11.44% for Singapore.
Though the thirty-six-lag model encounters fewer problems
with the normality assumption, it is precluded from further
consideration due to its significantly worse forecast
performance. The twenty-four-lag model is chosen as the final
18
Table 5. Average Absolute Percentage Forecast Errors
Twelve-lag Model Twenty-four-lag Model Thirty-siX'lag Model
Mean
Standard
Error Mean
Standard
Error Mean
Standard
Error
USA 0.40 0.33 0.61 0.37 4.17
1.70
Japan 2.01 1.42 1.72 1.39 3.91 1.56
Taiwan 3.59 1.72 1.71 1.21 5.05 3.39
Hong Kong 1.18 0.91 1.56 1.07 6.84 3.26
Singapore 0.52 0.37 0.86 0.53 11.44 4.75
South Korea 1.70 1.34 2.08 1.65 3.12
1.35
Average over
Countries 1.57 0.85 1.42 0.75 5.76
2.23
19
model for the subsequent analysis of common trends, cointegration
coefficient tests, and adjustment speed tests. Before this
analysis, the model is subjected to a Henriksson and Merton
nonparametric rank test of market timing. This test was
advocated by Cerchi and Havenner in their analysis of U.S. stock
prices. In contrast to previous parametric forecast error
comparisons, the Henriksson-Merton test focuses on the direction
of the forecast instead of the magnitudes. Define as follows:
Ni = number of observations where prices actually rose,
N2 = number of observations where prices actually did not rise,
N = total number of observations = Ni + N2/
ni = number of'.successful predictions, given prices rose,
n2 = number of unsuccessful predictions, given prices did not rise,
n = nuii±)er of times price rises were forecasted.
Henriksson and Merton show that the null hypothesis of no
value to the forecasts should be, rejected if ni ^ n*, where n* is
the solution to
f ^0
I i )(6) V.1 y \ n-i) _ significant level,
t ^ ATN
n
2.~n
at some prespec.ified significant level (e.g., 5%). For the six
stock prices with 51 week out-of-sample forecasts, = 161, N2 =
145, n^ = 98, and n2 = 99. At the significant level of 3.8%
(i.e., the confidence level of 96.2%), the n* that solves
equation (6) is 98 (= n^) . Evidently, the test result indicates
that the estimated system is quite adequate in describing the
movement of the stock prices.
20
Common Trend
The twenty-four-lag error-correction VAR model is used to
compute the common trend for each of the six stock price indices.
The procedure is to decompose each element of vector into: (i)
a stochastic trend component arising from the unit root
properties of and (ii) a stationary component due to the
cointegrating relationship of the series. For the twenty-four-
lag model, two cointegration vectors (i.e./ r = 2) were
identified. Hence/ there are four unit roots (i.e., p - r = 4)
commonly shared by all six stock price variables. By filtering
out the stationary part and focusing on the trend component, the
importance of the common unit roots to the long-run movement of
each stock price series is examined. Several methods have been
proposed to obtain a trend/stationary decomposition. For
example, one can derive from the estimated error-correction VAR
equations the "Common Trends Representation" of Stock and Watson.
Alternatively, the problem can be cast in a state space
framework/ as advocated by Aoki and employed by Cerchi and
Havenner.
This study adopts the more straightforward decomposition
procedure developed in Kasa. Based on the projection theorem^
Kasa decomposes into the direct sum of its orthogonal .
projections onto two subspaces {of R^) which are orthogonal
complements to each other:
(7) X, = {px(Pi'Px)-'P±'} Xt + {P(P'P)-IP') X,,
where P is a 6x2 (i.e., pxr) matrix containing the two
21
cointegration vectors, and pj_ is a 6x4 (i.e., px(p-r)) orthogonal
complement of p. The first term on the right-hand-side of (7)
defines the common stochastic trend of the series, while the
second term captures the stationary component of the variables;
Following Kasa, the first projection operator ) is
said to consist of a 6x4 factor loading matrix, P_l, and a 4x6
market weight matrix, (Pi'Pi) "^Pi'• Each row of the 4x6 market
weight matrix pertains to a specific common unit root and Pi is
normalized such that the weights in each row sum up to unity.
Given this construction, the ith column of the 6x4 factor loading
matrix Pi can be interpreted as the relative importance of the
six stock prices to the part of the stochastic trend contributed
by the ith unit root. Alternatively, it can be viewed as the
relative importance to the six stock prices of that part of the
common trend contributed by the ith unit root.
Table 6 reports the factor loading matrix Pi computed from
the decomposition. There are four unit roots shared by the six
stock variables. For the first unit root, the common trend is
most important to the U.S. variable; the loading factor is 0.95.
This component of the common trend is also important to other
price variables. For example, the loading factor is -0.40 for
the Korea variable and 0.3 6 for the Hong Kong variable. The
loading factors pertaining to the second common unit root are, in
general, small. As to the part of the common trend contributed
by the third unit root, Singapore, Japan, and Taiwan have
relatively large loading factors (0.58, 0.44, and -0.41,
Table 6. The Factor LoadingMatrix (pj
First Unit Root Second Unit Root Third Unit Root Fourth Unit Root
USA 0.94957 0.00000 0.00000 0,00000
Japan -0.10418 0.03925 0.43989 0.44919
Taiwan 0.26350 0.03986 • -0.41366 1.16001
Hong Kong 0.35858 . -0.05144 0.05208 0.56082
Singapore 0.26884 0.00548 0.57565 0.32688
South Korea -0.39637 -0.02663 0.04694 1.38212
22
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respectively). Finally, the last column of the factor loading
matrix indicates that the fourth unit root common trend is most
significant for the Korea, variable and Taiwan variable: the
loading factors are 1.38 and 1.16, respectively.
Since there are four common .unit roots in the system, the
overall stochastic trend for each variable is determined jointly
by the four unit roots. The computed common trend for each of
the six stock variables is presented in Figures 1 through 6.
Each of the figures also contains a plot for the corresponding
observed time series (in log). The difference between the
computed common trend and the observed series represents the
stationary component of the variable. Strikingly, the computed
common trend for each variable mimics the shape of the observed
data series very well. Further, deviations of the computed
common trend from the observed data are very small in magnitude
for the U.S. and Taiwan variables; the average deviations are
only 2.19% for the former and 2.15% for the latter. This result
suggests that the stochastic trends dictated by the four common
unit roots are very important to the long-run movement of the
U.S. and Taiwan stock prices, whereas the stationary component
plays only a minor role. Though not as dramatic as the case for
the U.S. and Taiwan, the "four common unit roots also have
important effects on the formation of other stock price
•variables; the average deviations of the computed common trend
from the observed data are 20.47%, 20.89%, 20.46%, and 12.74% for
Japan, Hong Kong, Singapore, and Korea, respectively.
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"Common" Stock Region
The above common trend results indicate that the stationary-
component plays only a minor role in the long-run movement of the
U.S. and Taiwan stock prices, while it exerts modest impacts on
the remaining four prices. This leads one to wonder if the U.S.
and Taiwan stock prices belong to an equilibrium regime different
from the one dictating the other four variables. In this
section, tests are conducted on individual country's
cointegration coefficients to ascertain whether they are
statistically different from zero. If a country's cointegration
coefficients are zero, the long-run movement of its stock price
is not governed by the equilibrium condition underlying the
cointegration vectors. Hence, this country can be thought of as
not belonging to the "common" stock region comprising the
remaining countries.
The estimated cointegration vectors are reported in the
upper half of Table 7 as p. Linear hypothesis regarding zero P
coefficients for each individual country is tested using
restriction {5). The resulting maximum likelihood ratio test
statistics are reported in the lower half of Table 7. It is
found that all the cointegration coefficients are significantly
different from zero, except those pertaining to the U.S. and
Taiwan variables. To exclude the U.S. and Taiwan markets from
the "common" stock region of the remaining four countries,
however, is too drastic, because the joint hypothesis of zero p
coefficients for the two markets is rejected.
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Table 7. Cointegration Vector and Hypothesis Testing
(A) Cointegration Vector (p)
w.r.t. the First Cointegration w.r.t. the Second Cointegration
Relationship Relationship
USA 7,36 11.58
Japan -32.71 -3.77
Taiwan 0.17 -5.80
Hong Kong -30.62 -13.63
Singapore 26.53 -1.02
South Korea 16.64 11.86
(B) Hypothesis Testing (Hq: individual country's cointegration coefficients are zero)
Maximum Likelihood Ratio^^
USA 2.97844
Japan 22.62267^
Taiwan 0.93897
Hong Kong 20.51592^
Singapore 21,79797*
South Korea 13,38858*
USA and Taiwan 17.88393*
- distribution with degrees of freedom [r*(p-m)] (i.e., 2 when there is one restriction and 4 when there
are two restrictions), where r is the number of cointegration vectors and (p-m) is the number of linear
restrictions. With two degrees of freedom, the critical value is 5.99 at the 5% level and 9.21 at the 1%
level.
Superscript # indicates rejection at the 5% level of the null hypothesis that individual country's
cointegration coefficients are zero.
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Adjustment Speed
The result on the common trend shows that, in the long-run,
movements in the six stock prices have been dominated by their
common unit roots. Since a great number of economic activities
associated with international portfolio diversification are
short-term in nature, it is also important to investigate' fully
the short-run dynamics of the stock prices. Before doing so, the
speed of adjustment from short-term disequilibria toward the
long-run common trend is examined. The adjustment speed toward
the stationary component and, hence, its orthogonal complement,
the common trend, is depicted by the a matrix reported in the
upper half of Table 8. The focus here is to test whether the
adjustment speeds of the four little dragons in Asia (Taiwan,
Hong Kong, Singapore, and South Korea) are the same as those of
the two economic superpowers (the U.S. and Japan), and whether
the two superpowers have the same adjustment speed. Linear
hypotheses regarding the adjustment speeds of different countries
are tested using restriction (4).
The maximum likelihood ratio test statistics are reported in
the lower half of Table 8. At the 5% critical level, the null
hypothesis of equal adjustment speed is rejected only for the
U.S.-Hong Kong pair, U.S.-Korea pair, and Japan-Korea pair.
However, at the 1% critical level, it is rejected only for the
Japan-Korea pair. Since most countries have the same adjustment
speed, the result suggests that the long-run comovement arising
from the common unit roots also sheds light toward the short-run
relationship among the six stock prices.
Table 8. Adjustment Speed and Hypothesis Testing
(A) Adjustment Speed Matrix (a)
USA
Japan
Taiwan
Hong Kong
Singapore
South Korea
w.r.t. the First Cointegration
Relationship
-8.66274 e-004,
0.00248
-0.00266
'• 1
0.00499
-2.72650 e-004
-0.00606
(B) Hypothesis Testing (Hq: the adjustment speeds are the same)
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w.r.t. the Second Cointegration
Relationship
0.00258
0.00467
0.00549
0.00137
0.00505
0.00156
Maximum Likelihood Ratio^^
USA-
USA-
USA-
USA-
USA-
Japan
Japan
Japan
Japan
Japan
Taiwan
Hong Kong
Singapore
South Korea
- Taiwan
- Hong Kong
- Singapore
- South Korea
5.24341
0.56388
9.18422*
0.26550
8.01691*
2.79863
2.03358
1.95824
17.42178*
a/ distribution with degrees of freedom [r*(p-m)] (i.e., 2), where r is the number of cointegration vectors
and (p-m) is the number of linear restrictions. With two degrees of freedom, the critical value is 5.99 at
the 5% level and 9.21 at the 1% level.
- Superscript # indicates rejection at the 5% level of the null hypothesis of equal adjustment speed.
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Short-Run Dynamics
To investigate the short-run interaction among the six stock
prices, impulse analyses are conducted through shocking a
specific price variable. Figures 7 and 8 present the impulse
response functions over a one-year period of the individual
prices to a standard one-period shock in the U.S. variable and in
the Japan variable, respectively.^
Figure 7 shows that the short-run price adjustments to a
shock in the U.S. market are similar in shape and magnitude for
Taiwan, Hong Kong, and Singapore prices. This is probably due to
the commonalities in the ethnic background of the three
countries. Figure 8 shows that the adjustment paths to a shock
in the Japan market are similar in shape and magnitude for Taiwan
and South Korea. This is supposedly explainable by noticing that
both countries were under Japanese military domination for more
than a half century before World War 11, and have been under its
immense economic influence since then. In general, both figures
show that the responses of all countries to both shocks are very
small (less than 1%) . Given that the underlying data are weekly,
the result appears to suggest that most responses must have
occurred within the first week. This implies, in turn, that the
markets are efficient in the sense that any short-run information
is reflected very quickly in the prices.
2 Results from shocking the remaining four variables can
be obtained from the authors.
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Conclusions
This study examined the common stochastic trends among
national stock prices of the U.S. and five East Asian countries,
including Japan, Taiwan, Hong Kong, Singapore, and South Korea.
The stock price series are found to be nonstationary and yet
cointegrated. Two' cointegrating relationships are- identified and
the six stock price variables are found to share four common unit
roots. The result shows that the stochastic trends dictated by
the four common unit roots are important to the long-run movement
of the stocks prices, especially those of the U.S. and Taiwan.
Though not conclusive, the result suggests that U.S. and Taiwan
markets may not belong to a "common" stock region containing the
remaining four countries. The result also shows that most
variables have the same adjustment speed in moving from short-run
disequilibria toward the common trend. Finally, impulse response
analyses suggest that short-run adjustments to temporary shocks
occur rather quickly and the pattern and magnitude of the
adjustments may be influenced by commonalities in ethnic and
other backgrounds' of the countries involved.
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